
Chapter 6, Problem 1. 
 
If the voltage across a 5-F capacitor is 2te-3t V, find the current and the power. 
 
 
Chapter 6, Solution 1. 
 

( =−== −− t3t3 te6e25
d

)
t

dvCi 10(1 - 3t)e-3t A 

 
p = vi = 10(1-3t)e-3t ⋅ 2t e-3t = 20t(1 - 3t)e-6t W

 
 
Chapter 6, Problem 2. 

 
A 20-μF capacitor has energy   J.  Determine the current through 
the capacitor. 

2( ) 10cos 377w t t=

 

Chapter 6, Solution 2. 
 

 
2

2 2 6
6

1 2 20cos 377 10 cos 377
2 20 10

W tw Cv v
C x −= ⎯⎯→ = = = 2 t  

     
v = ±103cos(377t) V, let us assume the v = +cos(377t) mV, this then leads to, 
 

i = C(dv/dt) = 20x10–6(–377sin(377t)10–3) = –7.54sin(377t) A. 
 

Please note that if we had chosen the negative value for v,  
then i would have been positive. 

 
Chapter 6, Problem 3. 
 
In 5 s, the voltage across a 40-mF capacitor changes from 160 V to  
220 V.  Calculate the average current through the capacitor. 
 
 
Chapter 6, Solution 3. 
 

i = C =
−

= −
5

16022010x40
dt
dv 3  480 mA
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Chapter 6, Problem 4. 
 
A current of 6 sin 4t A flows through a 2-F capacitor.  Find the  
voltage v(t) across the capacitor given that v(0) = 1 V. 
 
Chapter 6, Solution 4. 
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                = 1.75 – 0.75 cos 4t V

 
 
Chapter 6, Problem 5. 

 
The voltage across a 4-μF capacitor is shown in Fig. 6.45.  Find the current waveform.  

      v (V) 
 10 
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   Figure 6.45 For Prob. 6.5. 

Chapter 6, Solution 5. 
 

  v =  
⎪
⎩

⎪
⎨

⎧

<<
<<
<<

+−
−

ms8t6
ms6t2
ms2t0

,t500040
,t500020

,t5000

 

 
6

3

5, 0 2 20 mA, 0 2
4 10 5, 2 6 20 mA, 2 6
10

5, 6 8 20 mA, 6 8

t ms t ms
dv xi C t ms t ms
dt

t ms t ms

−

−

< < < <⎧ ⎧
⎪ ⎪= = − < < = − < <⎨ ⎨
⎪ ⎪< < < <⎩ ⎩

 

 



Chapter 6, Problem 6. 
 
The voltage waveform in Fig. 6.46 is applied across a 30-μF capacitor.  Draw the current 
waveform through it. 

 
 
Figure 6.46 
 
Chapter 6, Solution 6. 

610x30
dt
dvCi −==  x slope of the waveform. 

For example, for 0 < t < 2, 
 

  310x2
10

dt
dv

−=  

i = mA150
10x2
10x10x30

dt
dvC 3

6 == −
−  

Thus the current i is sketched below. 
 
 i(t) 

t 
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Chapter 6, Problem 7. 
 
At t=0, the voltage across a 50-mF capacitor is 10 V.  Calculate the voltage across the 
capacitor for t > 0 when current 4t mA flows through it. 
 
Chapter 6, Solution 7. 
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Chapter 6, Problem 8. 
 
A 4-mF capacitor has the terminal voltage 
 

⎩
⎨
⎧

≥+
≤

=
0        V, BeAe

0          V, 50
600-100- t

t
v tt  

 
If the capacitor has initial current of 2A, find: 

(a) the constants A and B, 
(b) the energy stored in the capacitor at t = 0, 
(c) the capacitor current for t > 0. 

 
Chapter 6, Solution 8. 
 

(a)  tt BCeACe
dt
dvCi 600100 600100 −− −−==    (1) 

 
BABCACi 656001002)0( −−=⎯→⎯−−==   (2) 

BAvv +=⎯→⎯= −+ 50)0()0(     (3) 
Solving (2) and (3) leads to 
  A=61,  B=-11 
 

(b)   J 52500104
2
1)0(

2
1Energy 32 === − xxxCv  

 
(c )  From (1), 
 

A  4.264.241041160010461100 60010060031003 tttt eeexxxexxxi −−−−−− −−=−−=  
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Chapter 6, Problem 9. 
The current through a 0.5-F capacitor is 6(1-e-t)A. 
Determine the voltage and power at t=2 s.  Assume v(0) = 0. 
 
Chapter 6, Solution 9. 

v(t) = ( ) ( )∫ −− +=+−
t
o

t

0
tt Vet120dte16

21
1  =  12(t + e-t) – 12 

  v(2) = 12(2 + e-2) – 12 = 13.624 V 
 
  p = iv = [12 (t + e-t) – 12]6(1-e-t)  
 
  p(2) = [12 (2 + e-2) – 12]6(1-e-2)  = 70.66 W
 
Chapter 6, Problem 10. 

The voltage across a 2-mF capacitor is shown in Fig. 6.47. Determine the current 
through the capacitor. 

 
Figure 6.47 

 
Chapter 6, Solution 10 
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Chapter 6, Problem 11. 
3.  A 4-mF capacitor has the current waveform shown in Fig. 6.48.  Assuming that  
v(0)=10V, sketch the voltage waveform v(t). 
 
                        i (mA) 
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   Figure 6.48 For Prob. 6.11. 
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Chapter 6, Solution 11. 

3
0 0

1 1(0) 10 ( )
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C x −= + = +∫ ∫ dt  

For 0<t <2,  i(t)=15mA, V(t)= 10+

3
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x −= + = +∫ t  

v(2) = 10+7.5 =17.5 
 
For 2 < t <4,  i(t) = –10 mA 
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v(4)=22.5-2.5x4 =12.5 
 

For 4<t<6,  i(t) = 0,           3
2
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For 6<t<8,  i(t) = 10 mA 
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Hence, 

 v(t) = ⎪⎨  

⎪
⎪
⎩

which is sketched below. 
 v(t) 
 
                 20 
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Chapter 6, Problem 12. 
 

A voltage of   V appears across a parallel combination of a 100-mF capacitor 
and a 12-Ω resistor.  Calculate the power absorbed by the parallel combination. 

20006 te−

 
 
 

Chapter 6, Solution 12. 
 

 2000 20006 0.5
12

t t
R

vi e e
R

− −= = =  

 3 2000 2000100 10 6( 2000) 1200t t
c

dvi C x x e e
dt
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           20001199.5 t

R Ci i i e−= + = −

 40007197  Wtp vi e−= = −  
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Chapter 6, Problem 13. 
 

Find the voltage across the capacitors in the circuit of Fig. 6.49 under dc 
conditions. 
 
 

30 Ω

 
 
 
 
 
 
 
 
 
Figure 6.49 

 
Chapter 6, Solution 13. 
 

 Under dc conditions, the circuit becomes that shown below: 
 
 1

+ 

v1
 

+ 
− 

5

+ 

v2

 
 
 
 
 
 
 
 
 
 
 
 

i2 = 0, i1 = 60/(30+10+20) = 1A 
 
v1 = 30i1 = 30V, v2 = 60–20i1 = 40V 
 

Thus, v1 = 30V, v2 = 40V
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Chapter 6, Problem 14. 
 
Series-connected 20-pF and 60-pF capacitors are placed in parallel with series-
connected 30-pF and 70-pF capacitors.  Determine the equivalent capacitance. 

 
 
 
 
 

Chapter 6, Solution 14. 
 
20 pF is in series with 60pF  = 20*60/80=15 pF 
30-pF is in series with 70pF = 30x70/100=21pF 
15pF is in parallel with 21pF = 15+21 = 36 pF
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6, Problem 15. 
 
Two capacitors (20 μF and 30 μF) are connected to a 100-V source.  Find the energy 
stored in each capacitor if they are connected in: 
 

(a) parallel (b) series 
 
Chapter 6, Solution 15. 
 
 In parallel, as in Fig. (a), 
 
 v1 = v2 = 100 
 
 
 

C+ 

v2

 
+ 
− 

+ 

v1

C

+             − 

C+ 

v2

 
+ 
− 

C
 
 
 
 
 
 
 
 

w20 = == − 262 100x10x20x
2
1Cv

2
1  100 mJ

w30 = =− 26 100x10x30x
2
1  150 mJ 

 
(b) When they are connected in series as in Fig. (b): 
 

   ,60100x
50
30V

CC
Cv

21

2
1 ==

+
=  v2 = 40 

 

   w20 = =− 26 60x10x30x
2
1 36 mJ 

 

 w30 = =− 26 40x10x30x
2
1  24 mJ

 
 
 
 

PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 



Chapter 6, Problem 16. 
 

The equivalent capacitance at terminals a-b in the circuit in Fig. 6.50 is 30 μF. 
Calculate the value of C. 
 

 
 
Figure 6.50 

 
 
 
 
Chapter 6, Solution 16 
 

F 2030
80

8014 μ=⎯→⎯=
+

+= C
C
CxCeq  
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Chapter 6, Problem 17. 
 
Determine the equivalent capacitance for each of the circuits in  
Fig. 6.51. 
 

 
 
Figure 6.51 
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Chapter 6, Solution 17. 
 
 (a) 4F in series with 12F = 4 x 12/(16) = 3F 
  3F in parallel with 6F and 3F = 3+6+3 = 12F 
  4F in series with 12F = 3F 
  i.e. Ceq = 3F 
 

(b) Ceq = 5 + [6x(4 + 2)/(6+4+2)] = 5 + (36/12) = 5 + 3 = 8F 
 
(c) 3F in series with 6F = (3 x 6)/9 = 2F 

 1
3
1

6
1

2
1

C
1

eq

=++=   

   Ceq = 1F
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Chapter 6, Problem 18. 
 
Find  Ceq in the circuit of Fig. 6.52 if all capacitors are 4 μF 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                Ceq 

 
   Figure 6.52 For Prob. 6.18. 
 

Chapter 6, Solution 18. 
 
4 μF in parallel with 4 μF  = 8μF 
4 μF in series with 4 μF = 2 μF 
2 μF in parallel with 4 μF = 6 μF 
Hence, the circuit is reduced to that shown below. 

 
 8μF 
 

PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

 
 
                            6 μF 6 μF 
 
 
 
 Ceq 
 

1 1 1 1 0.4583 2.1818 F
6 6 8 eq

eq

C
C

μ= + + = ⎯⎯→ =  

 
 



Chapter 6, Problem 19. 
 

Find the equivalent capacitance between terminals a and b in the circuit of Fig. 
6.53. All capacitances are in μF. 
 

 
 
Figure 6.53 

 
Chapter 6, Solution 19. 
 
We combine 10-, 20-, and 30- μ F capacitors in parallel to get 60μ F.  The 60 -μ F 
capacitor in series with another 60- μ F capacitor gives 30 μ F. 
30 + 50 = 80μ F,   80 + 40 = 120 μ F 
The circuit is reduced to that shown below. 

 
                                12                      120 
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12 80 
      
      
      

120-μ F capacitor in series with 80μ F gives (80x120)/200 = 48 
48 + 12 = 60 
60-μ F capacitor in series with 12μ F gives (60x12)/72 = 10μ F
 
 
 
 
 
 
 



Chapter 6, Problem 20. 
 

Find the equivalent capacitance at terminals a-b of the circuit in Fig. 6.54. 
 a 
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 2μF         2μF               2μF 
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 b 

 
   Figure 6.54 For Prob. 6.20. 

 

 
 
 

 
 

 

 
 
 



Chapter 6, Solution 20. 
 
Consider the circuit shown below. 
 

PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 

 
 C1 
  
 
 C2 
 
 
 
 C3 
 
 
 
 

1 1 1 2C Fμ= + =  

2 2 2 2 6C Fμ= + + =  
 

3 4 3 12C x Fμ= =  
 
1/Ceq = (1/C1) + (1/C2) + (1/C3) = 0.5 + 0.16667 + 0.08333 = 0.75x106  
 

Ceq = 1.3333 µF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6, Problem 21. 
 
Determine the equivalent capacitance at terminals a - b of the circuit in Fig. 6.55. 
 
 

12 µF 

 
 
 
 
 
 
 
 
 
Figure 6.55 
 
 
 
 
Chapter 6, Solution 21. 
 
 4μF in series with 12μF = (4x12)/16 = 3μF 
 3μF in parallel with 3μF = 6μF 
 6μF in series with 6μF = 3μF 
 3μF in parallel with 2μF = 5μF 
 5μF in series with 5μF = 2.5μF 
 

Hence   Ceq = 2.5μF
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Chapter 6, Problem 22. 
 
Obtain the equivalent capacitance of the circuit in Fig. 6.56. 

 
 
Figure 6.56 
 
Chapter 6, Solution 22. 
 
Combining the capacitors in parallel, we obtain the equivalent circuit shown below: 
 
 
 

3

4

6

2

 
 
 
 
 
 
 
 
 
Combining the capacitors  in series gives , where  1

eqC

 
10
1

30
1

20
1

60
1

C
1
1
eq

=++=            = 10μF 1
eqC

 
Thus 

 Ceq = 10 + 40 = 50 μF
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Chapter 6, Problem 23. 
 
For the circuit in Fig. 6.57, determine: 
 

(a) the voltage across each capacitor, 
(b) the energy stored in each capacitor.  

 

 
 
Figure 6.57 
 
 
 
 
Chapter 6, Solution 23. 
 

(a) 3μF is in series with 6μF        3x6/(9) = 2μF 
  v4μF = 1/2 x 120 = 60V
  v2μF = 60V

  v6μF = =(3
+

)60
36

20V

  v3μF = 60 - 20 = 40V
 

(b) Hence w = 1/2 Cv2 
w4μF = 1/2 x 4 x 10-6 x 3600 = 7.2mJ
w2μF = 1/2 x 2 x 10-6 x 3600 = 3.6mJ
w6μF = 1/2 x 6 x 10-6 x 400 = 1.2mJ
w3μF = 1/2 x 3 x 10-6 x 1600 = 2.4mJ
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Chapter 6, Problem 24. 
 
Repeat Prob. 6.23 for the circuit in Fig. 6.58. 
 
 

80 µF 

 
 
 
 
 
 
 
 
Figure 6.58 
 
 
 
Chapter 6, Solution 24. 
 

20μF is series with 80μF = 20x80/(100) = 16μF   

14μF is parallel with 16μF = 30μF 
(a) v30μF = 90V 

v60μF = 30V
v14μF = 60V

v20μF = =
+

60x
8020

80 48V

v80μF = 60 - 48 = 12V
 

(b) Since w = 2Cv
2
1  

w30μF = 1/2 x 30 x 10-6 x 8100 = 121.5mJ
w60μF = 1/2 x 60 x 10-6 x 900 = 27mJ
w14μF = 1/2 x 14 x 10-6 x 3600 = 25.2mJ
w20μF = 1/2 x 20 x 10-6 x (48)2 = 23.04mJ

w80μF = 1/2 x 80 x 10-6 x 144 = 5.76mJ
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Chapter 6, Problem 25. 
 
(a) Show that the voltage-division rule for two capacitors in series as in Fig. 6.59(a) is 
 

ss v
CC

C
vv

CC
C

v
21

1
2

21

2
1        , 

+
=

+
=  

 
assuming that the initial conditions are zero. 
 

 
 
Figure 6.59 
 
(b)  For two capacitors in parallel as in Fig. 6.59(b), show that the 
current-division rule is 
 

 ss i
CC

C
ii

CC
C

i
21

2
2

21

1
1        , 

+
=

+
=  

 
assuming that the initial conditions are zero. 
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Chapter 6, Solution 25. 
 

(a) For the capacitors in series, 
 

Q1 = Q2            C1v1 = C2v2           
1

2

2

1

C
C

v
v

=  

 vs = v1 + v2 = 2
1

21
22

1

2 v
C

CCvv
C
C +

=+              s
21

1
2 v

CC
Cv
+

=  

 

Similarly, s
21

2
1 v

CC
Cv
+

=  

 
(b) For capacitors in parallel 
 

v1 = v2 = 
2

2

1

1

C
Q

C
Q

=  

Qs = Q1 + Q2 = 2
2

21
22

2

1 Q
C

CCQQ
C
C +

=+  

or 

 Q2 = 
21

2

CC
C
+

 

 s
21

1
1 Q

CC
CQ
+

=  

 

i = 
dt
dQ             s

21

1
1 i

CC
Ci
+

= ,      s
21

2
2 i

CC
Ci
+

=  
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Chapter 6, Problem 26. 
 
Three capacitors, C1 = 5 μF, C2 = 10 μF, and C3 = 20 μF, are connected in parallel across 
a 150-V source. Determine: 

(a) the total capacitance, 
(b) the charge on each capacitor, 
(c) the total energy stored in the parallel combination. 

 
 
Chapter 6, Solution 26. 
 
(a) Ceq = C1 + C2 + C3 = 35μF 
 
(b) Q1 = C1v = 5 x 150μC = 0.75mC 

Q2 = C2v = 10 x 150μC = 1.5mC
Q3 = C3v = 20 x 150 = 3mC 
 

(c) w = J150x35x
2
1vC

2
1 22

eq μ=  = 393.8mJ

 
 
Chapter 6, Problem 27. 

 
Given that four 4-μF capacitors can be connected in series and in parallel, find the 
minimum and maximum values that can be obtained by such series/parallel 
combinations. 

 

Chapter 6, Solution 27. 
 

If they are all connected in parallel, we get  4 4 16TC x F Fμ μ= =  
If they are all connected in series, we get 

 1 4 1
4 T

T

C F
C F

μ
μ

= ⎯⎯→ =  

All other combinations fall within these two extreme cases.  Hence, 
 min max1 , 16C F C Fμ μ= =  
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Chapter 6, Problem 28. 
 
Obtain the equivalent capacitance of the network shown in  
Fig. 6.58. 
 

 
 

Figure 6.58 
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Chapter 6, Solution 28. 
We may treat this like a resistive circuit and apply delta-wye transformation, except that 
R is replaced by 1/C. 
 

2C

C

C

5
 
 
 
 
 
 
 
 
 

30
1

40
1

30
1

30
1

10
1

40
1

10
1

C
1

a

⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛

=  

 = 
10
2

40
1

10
1

40
3

=++  

 
Ca = 5μF 
 

30
2

10
1

1200
1

300
1

400
1

C
1

b
=

++
=  

Cb = 15μF 
 

15
4

40
1

1200
1

300
1

400
1

C
1

c

=
++

=  

Cc = 3.75μF 
 
Cb in parallel with 50μF = 50 + 15 = 65μF 
Cc in series with 20μF = 23.75μF 

65μF in series with 23.75μF = F39.17
75.88

75.23x65
μ=  

17.39μF in parallel with Ca = 17.39 + 5 = 22.39μF 
 
Hence Ceq = 22.39μF
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Chapter 6, Problem 29. 
 
Determine Ceq for each circuit in Fig. 6.61. 
 

 
 

Figure 6.61 
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Chapter 6, Solution 29. 
 
(a) C in series with C = C/(2) 
 
  C/2 in parallel with C = 3C/2 
 

  
2
C3 in series with C = 

5
C3

2
C5

2
C3Cx
=   

 

  
5
C3 in parallel with C = C + =

5
C3   1.6 C

 
(b) 
 

Ce

2

2

 
 
 
 
 
 
 

C
1

C2
1

C2
1

C
1

eq

=+=  

 
Ceq = 1 C
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Chapter 6, Problem 30. 
 
Assuming that the capacitors are initially uncharged, find  
vo(t) in the circuit in Fig. 6.62. 
 

 
 

Figure 6.62 
 
 
 
Chapter 6, Solution 30. 
 

vo = ∫ +
t

o
)0(iidt

C
1   

For 0 < t < 1, i = 60t mA, 

kVt100tdt60
10x3

10v 2t

o6

3

o =+= ∫−

−

 

vo(1) = 10kV 
 
For 1< t < 2, i = 120 - 60t mA, 

 vo = ∫ +−−

− t

1 o6

3

)1(vdt)t60120(
10x3

10  

 = [40t – 10t2 kV10] t
1 +

 = 40t – 10t2 - 20 

⎢
⎢
⎣

⎡

<<−−

<<
=

2t1,kV20t10t40
1t0,kVt10

)t(v
2

2

o  
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Chapter 6, Problem 31. 
 
If v(0)=0, find v(t), i1(t), and i2(t) in the circuit in Fig. 6.63. 
 

 
 

Figure 6.63 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROPRIETARY MATERIAL.  © 2007 The McGraw-Hill Companies, Inc.  All rights reserved.  No part 
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior 
written permission of the publisher, or used beyond the limited distribution to teachers and educators 
permitted by McGraw-Hill for their individual course preparation.  If you are a student using this Manual, 
you are using it without permission. 
 



Chapter 6, Solution 31. 

⎢
⎢
⎢

⎣

⎡

<<+−
<<
<<

=
5t3,t1050
3t1,mA20
1t0,tmA20

)t(is  

Ceq = 4 + 6 = 10μF 

)0(vidt
C
1v

t

o
eq

+= ∫  

For 0 < t < 1, 

 ∫−

−

=
t

o6

3

t20
10x10

10v dt + 0 = t2 kV 

For 1 < t < 3, 

 ∫ +−=+=
t

1

3

kV1)1t(2)1(vdt20
10
10v  

  kV1t2 −=
For 3 < t < 5, 

 ∫ +−=
t

3

3

)3(vdt)5t(10
10
10v  

    kV5.15t5
2
tkV5t5

2
t 2

t
3

2
+−=+−=  

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

<<+−

<<−
<<

=

s5t3,kV5.15t5
2
t

s3t1,kV1t2
s1t0,kVt

)t(v
2

2

 

dt
dv10x6

dt
dvCi 6

11
−==  

     
⎢
⎢
⎢

⎣

⎡

<<−
<<
<<

=
s5t3,mA30t6
s3t1,mA12
s1t0,tmA12

dt
dv10x4

dt
dvCi 6

22
−==  

⎢
⎢
⎢

⎣

⎡

<<−
<<
<<

=
s5t3,mA20t4
s3t1,mA8
s1t0,tmA8
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Chapter 6, Problem 32. 
 

In the circuit in Fig. 6.64, let is = 30e-2t mA and v1(0) = 50 V, v2(0) = 20 V. 
Determine: (a) v1(t) and v2(t), (b) the energy in each capacitor at t = 0.5 s. 
 

 
 
Figure 6.64 

 
Chapter 6, Solution 32. 
 
 

(a) Ceq = (12x60)/72 = 10 μ F 
 

V1300e125050e1250)0(vdte30
10x12

10v t2
t

0

t
0

t2
1

t2
6

3
1 +−=+−=+= −−−

−

−

∫  

 

V270e25020e250)0(vdte30
10x60

10v t2
t

0

t
0

t2
2

t2
6

3
2 +−=+=+= −−−

−

−

∫  

 
 

(b) At  t=0.5s, 
 

03.178270e250v,2.8401300e1250v 1
2

1
1 =+−==+−= −−  

 

J   235.4)15.840(1012
2
1 26

12 == − xxxw Fμ  

 

J  3169.0)03.178(x10x20x
2
1w 26

F20 == −
μ  

J 6339.0)03.178(x10x40x
2
1w 26

F40 == −
μ  
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Chapter 6, Problem 33. 
Obtain the Thèvenin equivalent at the terminals, a-b, of the circuit shown in Fig. 
6.65. Please note that Thèvenin equivalent circuits do not generally exist for 
circuits involving capacitors and resistors. This is a special case where the 
Thèvenin equivalent circuit does exist. 

 

 
Figure 6.65 

 
Chapter 6, Solution 33 
Because this is a totally capacitive circuit, we can combine all the capacitors using the 
property that capacitors in parallel can be combined by just adding their values and we 
combine capacitors in series by adding their reciprocals.  However, for this circuit we 
only have the three capacitors in parallel. 
 
 3 F + 2 F = 5 F (we need this to be able to calculate the voltage) 
  
 CTh = Ceq = 5+5 = 10 F 
 
The voltage will divide equally across the two 5 F capacitors.  Therefore, we get: 
 
   VTh =  7.5 V, CTh = 10 F 
 
Chapter 6, Problem 34. 
The current through a 10-mH inductor is 6e-t/2 A.  Find the voltage and the power at t = 3 s. 
 
Chapter 6, Solution 34. 
i = 6e-t/2

 2/t3 e
2
1)6(10x10

dt
diLv −− ⎟

⎠
⎞

⎜
⎝
⎛==  

     = -30e-t/2 mV 
 
v(3) = -30e-3/2 mV =  –6.694 mV 
  
p = vi = -180e-t mW 

 
p(3) = -180e-3 mW = –8.962 mW
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Chapter 6, Problem 35. 
An inductor has a linear change in current from 50 mA to 100 mA in 2 ms and induces 
a voltage of 160 mV.  Calculate the value of the inductor. 

Chapter 6, Solution 35. 
3

3

3

160 10 6.4 mH
/ (100 50) 10

2 10

di v xv L L
dt di dt x

x

−

−

−

= ⎯⎯→ = = =
−

 

Chapter 6, Problem 36. 
The current through a 12-mH inductor is  2( ) 30  A,  t 0.ti t te−= ≥   Determine:  (a) the 
voltage across the inductor,  (b) the power being delivered to the inductor at t = 1 s,  (c) 
the energy stored in the inductor at t = 1 s. 

Chapter 6, Solution 36. 
 

(a) 3 2 2 212 10 (30 60 ) (0.36 0.72 )  Vt tdiv L x e te t e
dt

− − − −= = − = − t  

(b)  2 2 4(0.36 0.72 1) 30 1 0.36 30 0.1978 Wp vi x e x x e x e− − −= = − = = −  

(c)  2Li
2
1w =  = 0.5x12x10–3(30x1xe–2)2 = 98.9 mJ. 

 
Chapter 6, Problem 37. 
 
The current through a 12-mH inductor is 4 sin 100t A.  Find 
the voltage, and also the energy stored in the inductor for  
0 < t < π/200 s. 
 
Chapter 6, Solution 37. 

t100cos)100(4x10x12
dt
diLv 3−==  

 = 4.8 cos 100t V
 
p = vi = 4.8 x 4 sin 100t cos 100t = 9.6 sin 200t 
 

w =  t200sin6.9pdt
t

o

200/11

o∫ ∫=

 Jt200cos
200

6.9 200/11
o−=  

     =−π−= mJ)1(cos48  96 mJ 
 
Please note that this problem could have also been done by using (½)Li2. 
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Chapter 6, Problem 38. 
 
The current through a 40-mH inductor is 
 

  ( )
⎩
⎨
⎧

>
<

= − 0      A, 
0               0

2 tte
t

ti t

,

 
Find the voltage v(t). 
 
Chapter 6, Solution 38. 
 

( )dtte2e10x40
dt
diLv t2t23 −−− −==  

   = 0t,mVe)t21(40 t2 >− −  
 
 
Chapter 6, Problem 39. 
 

The voltage across a 200-mH inductor is given by  
 
v(t) = 3t2 + 2t + 4 V for t > 0. 
 
Determine the current i(t) through the inductor. Assume that i(0) = 1 A. 

 
 
Chapter 6, Solution 39 
 

)0(iidt
L
1i

dt
diLv t

0 +∫=⎯→⎯=  

 

1dt)4t2t3(
10x200

1i t
0

2
3 +∫ ++= −  

 

1)t4tt(5
t

0
23 +++=  

 
  i(t) = 5t3 + 5t2 + 20t + 1 A 
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The current through a 5-mH inductor is shown in Fig. 6.66.  Determine the voltage 
across the inductor at  t=1,3, and 5ms. 
 
 

 
                           i(A) 
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   Figure 6.66 For Prob. 6.40. 
 
 
 
 
 
Chapter 6, Solution 40. 
 

5 , 0 2
10, 2 4

30 5 , 4 6

t t m
i t

t t

< <⎧
⎪= < <⎨
⎪ − < <⎩

 

 
 

3

3

5, 0 2 25, 0 2
5 10 0, 2 4 0, 2 4
10

5, 4 6 25, 4 6

t ms t ms
di xv L t ms t ms
dt

t ms t m

−

−

< < < <⎧ ⎧
⎪ ⎪= = < < = < <⎨ ⎨
⎪ ⎪− < < − < <⎩ ⎩ s

 

 
At t=1ms,  v=25 V
At t=3ms,  v=0 V
At t=5ms,  v=-25 V 

 
 
 
 
 
Chapter 6, Problem 41. 



 
The voltage across a 2-H inductor is 20(1 - e-2t) V.  If the initial current through the 
inductor is 0.3 A, find the current and the energy stored in the inductor at t = 1 s. 
 
 
 
 
 
 
Chapter 6, Solution 41. 
 

( )∫∫ +−⎟
⎠
⎞

⎜
⎝
⎛=+= −t

o
t2t

0
Cdte120

2
1Cvdt

L
1i  

 

      = A7.4e5t10Ce
2
1t10 t2t

o
t2 −+=+⎟
⎠
⎞

⎜
⎝
⎛ + −−  

 
Note, we get C = –4.7 from the initial condition for i needing to be 0.3 A.   
 
We can check our results be solving for v = Ldi/dt. 
 
 v = 2(10 – 10e–2t)V which is what we started with. 
 
At t = l s,  i = 10 + 5e-2 – 4.7 = 10 + 0.6767 – 4.7 = 5.977 A
 

L
2
1w = i2 =  35.72J

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 6, Problem 42. 
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If the voltage waveform in Fig. 6.67 is applied across the terminals of a 5-H inductor, 
calculate the current through the inductor.  Assume i(0) = -1 A. 
 

 
 

Figure 6.67 
 
 
Chapter 6, Solution 42. 
 

∫ ∫ −=+=
t

o

t

o
1dt)t(v

5
1)0(ivdt

L
1i  

For  0 < t < 1,  ∫ −=−=
t

0
1t21dt

5
10i  A 

 
For 1 < t < 2, i = 0 + i(1) = 1A 
 

For 2 < t < 3, i = ∫ +=+ 1t2)2(idt10
5
1 2

t  

   = 2t - 3 A 
 
For 3 < t < 4, i = 0 + i(3) = 3 A 
 

For 4 < t < 5, i = ∫ +=+
t

4

t
4 3t2)4(idt10

5
1  

   = 2t - 5 A 
 

Thus,  

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

<<−
<<
<<−
<<
<<−

=

5t4,5t2
4t3,A3
3t2,A3t2
2t1,A1
1t0,A1t2

)t(i

 
 
Chapter 6, Problem 43. 
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The current in an 80-mH inductor increases from 0 to 60 mA.   
How much energy is stored in the inductor? 
 
 
Chapter 6, Solution 43. 
 

w = L )(Li
2
1)t(Li

2
1idt

2t 2 −∞−=∫ ∞−
 

( ) 010x60x10x80x
2
1 233 −= −−  

  = 144 μJ
 
 
 
*Chapter 6, Problem 44. 

 
A 100-mH inductor is connected in parallel with a 2-kΩ resistor.  The current through 
the inductor is   mA.  (a)  Find the voltage v400( ) 50 ti t e−= L across the inductor.  (b)  
Find the voltage vR across the resistor.  (c) Is  ( ) ( ) 0R Lv t v t+ = ?  (d) Calculate the 
energy in the inductor at t=0. 

 

 

 

Chapter 6, Solution 44. 
 

(a)  − − −= = − = −3 3 400 400100 10 ( 400) 50 10 2  Vt t
L

div L x x x e e
dt

−  

(b) Since R and L are in parallel,  −= = − 4002  Vt
R Lv v e  

(c) No 
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(d) 2Li
2
1w =  = 0.5x100x10–3(0.05)2 = 125 µJ. 

 
 
 
 
 
 
Chapter 6, Problem 45. 



If the voltage waveform in Fig. 6.68 is applied to a 10-mH inductor, find the inductor 
current i(t).  Assume i(0) = 0. 

 

 
 
Figure 6.68 

 
Chapter 6, Solution 45. 

i(t) = ∫ +
t

o
)0(i)t(v

L
1  

 
For 0 < t < 1, v = 5t 
 

 ∫−=
t

o3 t5
10x10
1i dt + 0 

 
   = 0.25t2 kA 
 
For 1 < t < 2, v = -10 + 5t 
 

 ∫ ++−= −

t

13 )1(idt)t510(
10x10
1i  

   ∫  +−=
t

1
kA25.0dt)1t5.0(

  = 1 - t + 0.25t2 kA 
 

⎢
⎢
⎣

⎡

<<+−

<<
=

s2t1,kAt25.0t1

s1t0,kAt25.0
)t(i

2

2
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Find vC, iL, and the energy stored in the capacitor and  
inductor in the circuit of Fig. 6.69 under dc conditions. 

 
 

 
 
Figure 6.69 

 
 
Chapter 6, Solution 46. 
 
Under dc conditions, the circuit is as shown below: 
 
 2

3

+ 

vC

 
 
 
 
 
 
 
 
 
By current division, 
   

 =
+

= )3(
24

4iL  2A, vc = 0V 

 

 L
2
1w L = =⎟

⎠
⎞

⎜
⎝
⎛= 22

L )2(
2
1

2
1i  1J 

 

 C
2
1w c = == )v)(2(

2
1v2

c  0J

 
Chapter 6, Problem 47. 
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For the circuit in Fig. 6.70, calculate the value of R that will make the energy stored in 
the capacitor the same as that stored in the inductor under dc conditions. 

 
 
Figure 6.70 

 
Chapter 6, Solution 47. 

Under dc conditions, the circuit is equivalent to that shown below: 
 R

5

+ vC

 
 
 
 
 
 
 
 
 
 
 

,
2R

10)5(
2R

2iL +
=

+
=   

2R
R10Riv Lc +

==  

2

2
62

cc )2R(
R100x10x80Cv

2
1w

+
== −  

2
32

1L )2R(
100x10x2Li

2
1w

+
== −  

If wc = wL, 

  
2

3

2

2
6

)2R(
100x10x2

)2R(
R100x10x80

+
=

+

−
−         80 x 10-3R2 = 2 

 
R = 5Ω

Chapter 6, Problem 48. 
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Under steady-state dc conditions, find i and v in the circuit in Fig. 6.71. 
 

                                              i      2 mH  
  
 + 
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   5 mA 30kΩ         v          6 μF        20 kΩ 
 - 
 
 
 
   Figure 6.71 For Prob. 6.48. 
 

 

 

Chapter 6, Solution 48. 
 
Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like 
an open circuit as shown below. 
 
                                         i       
  
 + 
 
   5 mA 30kΩ           v               20 kΩ 

 
 – 

 
 
Using current division, 

 30 (5 ) 3 mA
30 20

ki mA
k k

= =
+

 

 v = 20ki  = 60 V
 
 
 
 
 
 
Chapter 6, Problem 49. 



 
Find the equivalent inductance of the circuit in Fig. 6.72.  Assume all inductors 
are 10 mH.   
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   Figure 6.72 For Prob. 6.49. 
 

Chapter 6, Solution 49. 
 

Converting the wye-subnetwork to its equivalent delta gives the circuit below. 
 
 
 30 mH 
 
 
 30mH 
                  5mH 
                                                       30 mH 
  
 
 
 
 
 30//0 = 0,  30//5 = 30x5/35=4.286 

 
30 4.28630//4.286 3.75 mH
34.286eq

xL = = =  

 
 
 



Chapter 6, Problem 50. 
 
An energy-storage network consists of series-connected 16-mH and 14-mH inductors 
in parallel with a series connected 24-mH and 36-mH inductors.  Calculate the 
equivalent inductance. 

 

Chapter 6, Solution 50. 
 

16mH in series with 14 mH  =  16+14=30 mH 
24 mH in series with 36 mH  =  24+36=60 mH 
30mH in parallel with 60 mH  =  30x60/90 = 20 mH

 
 
Chapter 6, Problem 51. 
 
Determine Leq at terminals a-b of the circuit in  
Fig. 6.73. 

 
 

 
 
Figure 6.73 

 
Chapter 6, Solution 51. 
 

10
1

30
1

20
1

60
1

L
1

=++=          L = 10 mH 

 

( )
45

35x10102510Leq =+=  

 
 = 7.778 mH
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Chapter 6, Problem 52. 
 

Find Leq in the circuit of Fig. 6.74. 
 10 H 
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 4 H 6 H 
 
 
 5 H  3 H 
       Leq 
 7 H 
 
   Figure 6.74 For Prob. 6.52. 

Chapter 6, Solution 52. 
5 155//(7 3 10//(4 6)) 5//(7 3 5)) 3.75  H
20eq
xL = + + + == + + = =  

Chapter 6, Problem 53. 
 
Find Leq at the terminals of the circuit in Fig. 6.75. 

 
 
Figure 6.75 

 
Chapter 6, Solution 53. 
 

[ ])48(6)128(58106Leq +++++=  
  
       416)44(816 +=++=  
 
  Leq = 20 mH



Chapter 6, Problem 54. 
 
Find the equivalent inductance looking into the terminals of  
the circuit in Fig. 6.76. 

 
 

 
 
Figure 6.76 

 
 
 
 
 
Chapter 6, Solution 54. 
 

( )126010)39(4Leq +++=  

 
                   34)40(124 +=++=  
 
    Leq = 7H
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Chapter 6, Problem 55. 
 

Find Leq in each of the circuits of Fig. 6.77. 
 

 
 

 
 
Figure 6.77 

 
 
 
Chapter 6, Solution 55. 
 
 
(a)  L//L = 0.5L,   L + L = 2L 
 

L
LL
LLxLLLLLeq 4.1

5.02
5.025.0//2 =

+
+=+= = 1.4 L. 

 
(b)  L//L = 0.5L,   L//L  + L//L = L 
 

Leq  = L//L  = 500 mL 
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Chapter 6, Problem 56. 
 
Find Leq in the circuit in Fig. 6.78. 

 
 

 
 
Figure 6.78 

 
Chapter 6, Solution 56. 
 

3
L

L
3
1LLL ==  

Hence the given circuit is equivalent to that shown below: 
 
 

L

L

LL

 
 
 
 
 
 
 
 

=
+

=⎟
⎠
⎞

⎜
⎝
⎛ +=

L
3
5L

L
3
5Lx

L
3
2LLLeq L

8
5  
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Chapter 6, Problem 57. 
 
Determine the Leq that can be used to represent the inductive network of Fig. 6.79 at the 
terminals. 

 
 

 
 
Figure 6.79 
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Chapter 6, Solution 57. 
 
 

 Let 
dt
diLv eq=     (1) 

 221 v
dt
di4vvv +=+=    (2) 

 i = i1 + i2              i2 = i – i1  (3) 
 

 
3

v
dt
dior

dt
di3v 211

2 ==    (4) 

 
and  

 0
dt
di5

dt
di2v 2

2 =++−  

 
dt
di5

dt
di2v 2

2 +=     (5) 

 
Incorporating (3) and (4) into (5), 
 

 
3

v5
dt
di7

dt
di5

dt
di5

dt
di2v 21

2 −=−+=  

 

 
dt
di7

3
51v2 =⎟
⎠
⎞

⎜
⎝
⎛ +  

 
dt
di

8
21v2 =  

 
Substituting this into (2) gives 
  

 
dt
di

8
21

dt
di4v +=  

 

  
dt
di

8
53

=  

 
Comparing this with (1), 
 

 ==
8
53Leq 6.625 H
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Chapter 6, Problem 58. 
 
The current waveform in Fig. 6.80 flows through a 3-H inductor. 
Sketch the voltage across the inductor over the interval  
0 < t < 6 s. 

 
 

 
 
Figure 6.80 

 
Chapter 6, Solution 58. 
 
 

===
dt
di3

dt
diLv 3 x slope of i(t). 

 
Thus v is sketched below: 
 
 
 v(t) 

t 
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Chapter 6, Problem 59. 
 
(a) For two inductors in series as in Fig. 6.81(a), show that the current-division principle 
is 

ss v
LL

L
vv

LL
L

v
21

2
2

21

1
1           

+
=

+
= ,  

 
assuming that the initial conditions are zero. 
 
 
(b)  For two inductors in parallel as in Fig. 6.81(b), show that the 
current-division principle is 
 

ss i
LL

L
i

LL
L

i
21

1
2

21

2
1 i          

+
=

+
= ,  

 
assuming that the initial conditions are zero. 

 
 

 
 
Figure 6.81 
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Chapter 6, Solution 59. 
 
 

(a)  ( )
dt
diLLv 21s +=     

       
21

s

LL
v

dt
di

+
=  

        ,
dt
diLv 11 =  

dt
diLv 22 =  

,v
LL

Lv s
21

1
1 +
= s

21

2
L v

LL
Lv
+

=  

 
 

 

(b) 
dt
diL

dt
diLvv 2

2
1

12i ===  

  21s iii +=

 
( )

21

21

21

21s

LL
LLv

L
v

L
v

dt
di

dt
di

dt
di +

=+=+=  

 ∫∫ =
+

== dt
dt
di

LL
LL

L
1vdt

L
1i s

21

21

11
1 s

21

2 i
LL

L
+

 

 =
+

== ∫∫ dt
dt
di

LL
LL

L
1vdt

L
1i s

21

21
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2  s

21

1 i
LL

L
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Chapter 6, Problem 60. 
 

In the circuit of Fig. 6.82, io(0) = 2 A. Determine io(t) and vo(t) for t > 0. 
 

 
 
Figure 6.82 

 
 
 
 
Chapter 6, Solution 60 
 

 
8

155//3 ==eqL  

( ) tt
eqo ee

dt
d

dt
diLv 22 154

8
15 −− −===  

 

∫∫ −−− +=+=−+=+=
t

0

t2t

0

t2t2
t

0
ooo A e5.15.0e5.12dte)15(

5
12)0(idt)t(v

L
Ii  
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Chapter 6, Problem 61. 

 
Consider the circuit in Fig. 6.83.  Find:  (a)  Leq,  i1(t) and i2(t)   if    mA,  (b) 
v

3 t
si e−=

o(t),  (c) energy stored in the 20-mH inductor at  t=1s. 
 
 
 
 i1 i2 
 + 
      4 mH 
                       is                                                              20 mH 
 vo 
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 - 6 mH 
 
 
 
 Leq 
 
   Figure 6.83 For Prob. 6.61. 
 
Chapter 6, Solution 61. 
 

(a)   20//(4 6) 20 10/30 6.667 mHeqL x= + = =  
Using current division, 
 

 1
10( )  mA

10 20
t

si t i e−= =
+

 

 
2( ) 2  mAti t e−=  

 

(b)  3 320 10 ( 3 10 ) 20  V
3

t ts
o eq

div L x e x e
dt

μ− − − −= = − = −  

 

(c )  − − −= = =2 3 2 6
1

1 1 20 10 10 1.3534 nJ
2 2

w Li x x xe x  

 
 
 
 
 



 
Chapter 6, Problem 62. 
 

Consider the circuit in Fig. 6.84.  Given that v(t) = 12e-3t mV for t > 0 and  
i1(0) = –10 mA, find: (a) i2(0), (b) i1(t) and i2(t). 
 
 
 
 
 
 
 
 
 

v(t) 

 
 
Figure 6.84 

 
 
Chapter 6, Solution 62. 
 

(a)    mH 40
80

60202560//2025 =+=+=
xLeq  

∫∫ +−−=+=+=⎯→⎯= −−
−

− t
tt

eq
eq ieidte

x
idttv

L
i

dt
diLv

0

33
3

3

)0()1(1.0)0(12
1040

10)0()(1

 
Using current division and the fact that all the currents were zero when the circuit was put 
together, we get, 

iiiii
4
1,

4
3

80
60

21 ===  

01333.0)0(01.0)0(75.0)0(
4
3)0(1 −=⎯→⎯−=⎯→⎯= iiii  

 

mA 67.2125e-  A  )08667.01.0(
4
1 3t-3

2 +=+−= − tei  

mA 33.367.2125)0(2 −=+−=i  
  

 (b)  mA 6575e-  A  )08667.01.0(
4
3 3t-3

1 +=+−= − tei  

mA 67.2125e-   -3t
2 +=i  
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Chapter 6, Problem 63. 
 

 
 
 
In the circuit in Fig. 6.85, sketch vo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.85 
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Chapter 6, Solution 63. 
 
 
We apply superposition principle and let  

21 vvvo +=  
 
where v1 and v2  are due to i1  and i2 respectively. 
 

⎩
⎨
⎧

<<−
<<

===
63,2

30,2
2 11

1 t
t

dt
di

dt
diLv  

⎪
⎩

⎪
⎨

⎧

<<−
<<
<<

===
64,4

42,0
20,4

2 22
2

t
t
t

dt
di

dt
di

Lv  

v1 
         v2  
                                                                   
2                                                                4 
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 0 
                3                 6          t                   0         2      4           6                 t   
 
-2        -4 
 
 
Adding v1   and v2 gives  vo, which is shown below. 
 
                          vo(t) V 
                            6 
 
 
 
                             2 
 
                            0 
                                          2    3     4             6                t (s)     
                          -2 
 
 
 
                           -6 



 
Chapter 6, Problem 64. 
 

The switch in Fig. 6.86 has been in position A for a long time. At t = 0, the switch 
moves from position A to B. The switch is a make-before-break type so that there 
is no interruption in the inductor current. Find:  
(a) i(t) for t > 0,  
(b) v just after the switch has been moved to position B,  
(c) v(t) long after the switch is in position B. 
 

 
 
Figure 6.86 

 
 
 
Chapter 6, Solution 64. 
 
 

(a) When the switch is in position A, 
  i= –6 = i(0) 
When the switch is in position B, 

8/1/,34/12)( ====∞ RLi τ  
 

A  93)]()0([)()( 8/ tt eeiiiti −− −=∞−+∞= ι  
 
(b) -12 + 4i(0) + v=0, i.e.   v=12 – 4i(0) = 36 V 
 
(c) At steady state, the inductor becomes a short circuit so that 
  v= 0 V 
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Chapter 6, Problem 65. 
 

The inductors in Fig. 6.87 are initially charged and are connected to the black box 
at t = 0.  If i1(0) = 4 A, i2(0) = -2 A, and v(t) = 50e-200t mV, t ≥ 0$,  find: 
 

(a). the energy initially stored in each inductor, 
(b). the total energy delivered to the black box from t = 0 to t = ∞, 
(c). i1(t) and i2(t), t ≥ 0, 
(d). i(t), t ≥ 0. 

 

 
 
Figure 6.87 

 
 
Chapter 6, Solution 65. 

(a)    === 22
115 )4(x5x

2
1iL

2
1w  40 J 

        =−= 2
20 )2)(20(

2
1w  40 J 

(b) w = w5 + w20 = 80 J
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( )(c) 410xe50
200
1

5
1)0(idte50

L
1i

t

0
3t200

1
t
0

t200

1
1 +⎟

⎠
⎞

⎜
⎝
⎛=+−= −−−∫  

   = 5x10-5(e-200t – 1) + 4 A 
 

 ( ) 210xe50
200
1

20
1)0(idte50

L
1i

t

0
3t200

2
t
0

t200

2
2 −⎟

⎠
⎞

⎜
⎝
⎛=+−= −−−∫  

    = 1.25x10-5 (e-200t – 1) – 2 A 
  
   
 
(d) i = i1 + i2 = 6.25x10-5 (e-200t– 1) + 2 A 
 



 
Chapter 6, Problem 66. 

The current i(t) through a 20-mH inductor is equal, in magnitude, to the voltage 
across it for all values of time.  If i(0) =2 A, find i(t). 

Chapter 6, Solution 66. 
 

If v=i, then 

 di dt dii L
dt L i

= ⎯⎯→ =  

Integrating this gives 

 →⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=−=

o
o C

iln)Cln()iln(
L
t  i = Coet/L  

i(0) = 2 = Co
  

i(t) = 2et/0.02 = 2e50t A. 
Chapter 6, Problem 67. 
An op amp integrator has R= 50 kΩ and C = 0.04 μF.  If the input voltage is vi = 10 sin 
50t mV, obtain the output voltage. 
 
Chapter 6, Solution 67. 

 ∫−= vi
RC
1vo dt, RC = 50 x 103 x 0.04 x 10-6 = 2 x 10-3

 ∫
−

= t50sin10
2
10v

3

o dt 

 vo = 100 cos 50t mV 
 
Chapter 6, Problem 68. 
 
A 10-V dc voltage is applied to an integrator with R = 50 kΩ, C = 100 μF at t = 0.  How 
long will it take for the op amp to saturate if the saturation voltages are +12 V and -12 V?   
Assume that the initial capacitor voltage was zero. 
 
Chapter 6, Solution 68. 

∫−= vi
RC
1vo dt + v(0), RC = 50 x 103 x 100 x 10-6 = 5 

vo = ∫ −=+−
t

o
t20dt10

5
1  

The op amp will saturate at vo =  12±  
  
 -12 = -2t       t = 6s 
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Chapter 6, Problem 69. 
 

An op amp integrator with R = 4 MΩ and C = 1 μF has the input waveform 
shown in Fig. 6.88.  Plot the output waveform. 

 

 
 

Figure 6.88 
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Chapter 6, Solution 69. 
RC = 4 x 106 x 1 x 10-6 = 4 
 

∫ ∫−=−= dtv
4
1dtv

RC
1v iio  

For 0 < t < 1, vi = 20, ∫ =−=
t

oo dt20
4
1v -5t mV 

 

For 1 < t < 2, vi = 10, ∫ −−−=+−=
t

1o 5)1t(5.2)1(vdt10
4
1v  

   = -2.5t - 2.5mV 
 

For 2 < t < 4, vi = - 20, ∫ −−=++=
t

2o 5.7)2t(5)2(vdt20
4
1v  

   = 5t - 17.5 mV 
 

For 4 < t < 5m, vi = -10, 5.2)4t(5.2)4(vdt10
4
1v

t

4o +−=+= ∫   

 = 2.5t - 7.5 mV 
 

For 5 < t < 6, vi = 20, ∫ +−−=+−=
t

5o 5)5t(5)5(vdt20
4
1v  

 = - 5t + 30 mV 
 
Thus vo(t) is as shown below: 
 v(t) 

t 
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Chapter 6, Problem 70. 
 
Using a single op amp, a capacitor, and resistors of 100 kΩ or less, design a circuit to 
implement 

∫−=
t

i dttvv
00 50 )(  

 
Assume vo = 0 at t = 0. 
 
Chapter 6, Solution 70. 
One possibility is as follows: 

  50
RC
1

=  

 

Let R = 100 kΩ, F2.0
10x100x50

1C 3 μ==  

 
Chapter 6, Problem 71. 
Show how you would use a single op amp to generate 
  

( )dtvvvv  104 3210 ∫ ++−=  

If the integrating capacitor is C = 2 μF, obtain other component values. 
 
Chapter 6, Solution 71. 
By combining a summer with an integrator, we have the circuit below: 
 

−
+

R

R

R

 
 
 
 
 
 
 
 

∫ ∫ ∫−−−= dtv
CR

1dtv
CR

1dtv
CR

1v 2
2

2
2

1
1

o  

 
For the given problem, C = 2μF, 
 R1C = 1     R1 = 1/(C) = 106/(2) = 500 kΩ 
 R2C = 1/(4)             R2 = 1/(4C) = 500kΩ/(4) = 125 kΩ 
 R3C = 1/(10)     R3 = 1/(10C) = 50 kΩ 
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Chapter 6, Problem 72. 
 

At t = 1.5 ms, calculate vo due to the cascaded integrators in Fig. 6.89.  Assume 
that the integrators are reset to 0 V at t = 0. 
 

 
 
Figure 6.89 

 
 
 
Chapter 6, Solution 72. 
 

The output of the first op amp is     

 

 ∫−= i1 v
RC
1v dt = ∫ −=−

−
t
o i63 2

t100dtv
10x2x10x10

1  

 
 = - 50t 
 

 ∫−= io v
RC
1v dt = ∫ −− −

t

o63 dt)t50(
10x5.0x10x20

1  

 
 = 2500t2

 
At t = 1.5ms,  
  5.625 mV== −62

o 10x)5.1(2500v  
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Chapter 6, Problem 73. 
 

Show that the circuit in Fig. 6.90 is a noninverting integrator. 
 

 
 
Figure 6.90 
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Chapter 6, Solution 73. 
 

Consider the op amp as shown below: 
 
Let va = vb = v 
 

At node a, 
R

vv
R

v0 o−
=

−            2v - vo  =  0    (1) 

 

−
+

R

R

R

 
+ 
− 

+ 

vo

R  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At node b, 
dt
dvC

R
vv

R
vv oi +

−
=

−
 

 
dt
dvRCvv2v oi +−=       (2) 

 
Combining (1) and (2), 
 

 
dt

dv
2

RCvvv o
ooi +−=  

or 

 ∫= io v
RC
2v dt 

 

showing that the circuit is a noninverting integrator. 
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Chapter 6, Problem 74. 
 

The triangular waveform in Fig. 6.91(a) is applied to the input of the op amp 
differentiator in Fig. 6.91(b).  Plot the output. 

 

 
 
Figure 6.91 
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Chapter 6, Solution 74. 
 

RC = 0.01 x 20 x 10-3 sec 
 

 secm
dt
dv2.0

dt
dvRCv i

o −=−=  

 

  
⎢
⎢
⎢

⎣

⎡

<<−
<<
<<−

=
4t3,V2
3t1,V2
1t0,V2

vo

 
Thus vo(t) is as sketched below: 
 
 

vo(t

t 
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Chapter 6, Problem 75. 
 
An op amp differentiator has  R= 250 kΩ and C = 10 μF.   
The input voltage is a ramp r(t) = 12 t mV.  Find the output voltage. 
 
Chapter 6, Solution 75. 

,
dt

dvRCv i
0 −=   5.210x10x10x250RC 63 == −

=−= )t12(
dt
d5.2vo  -30 mV 

 
Chapter 6, Problem 76. 
 
A voltage waveform has the following characteristics: a positive slope of 20 V/s for 5 ms 
followed by a negative slope of 10 V/s for 10 ms.  If the waveform is applied to a 
differentiator with R = 50 kΩ, C = 10 μF, sketch the output voltage waveform. 
 
Chapter 6, Solution 76. 

,
dt

dvRCv i
o −=  RC = 50 x 103 x 10 x 10-6 = 0.5 

⎢
⎣

⎡
<<
<<−

=−=
15t5,5
5t0,10

dt
dv5.0v i

o  

 
The input is sketched in Fig. (a), while the output is sketched in Fig. (b). 
 

50

00

vi(t

t 

10

50

vo(t

t 
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Chapter 6, Problem 77. 
 

The output vo of the op amp circuit of Fig. 6.92(a) is shown in Fig. 6.92(b). Let  
Ri = Rf = 1 MΩ and C = 1 μF.  Determine the input voltage waveform and sketch 
it. 

 

 
 
Figure 6.92 
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Chapter 6, Solution 77. 
 
i = iR + iC
 

( )o
F

0i v0
dt
dC

R
v0

R
0v

−+
−

=
−

 

110x10CR 66
F == −  

 

Hence  ⎟
⎠
⎞

⎜
⎝
⎛ +−=

dt
dv

vv o
oi  

 
Thus vi is obtained from vo as shown below: 
 
 

t 

–

4

– 

t 

4

 
 
 
 
 
 
 
 
 
 
 
 
 vi(t

t 

8

4
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Chapter 6, Problem 78. 
 
Design an analog computer to simulate 
 

tv
dt

dv
dt

vd
2102 0

0
2

0
2

sin=++  

where v0(0) = 2 and v'0(0) = 0. 
 
Chapter 6, Solution 78. 

o
oo

2

v
dt
dv2

t2sin10
dt
vd

−−=  

 
Thus, by combining integrators with a summer, we obtain the appropriate analog 
computer as shown below: 
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Chapter 6, Problem 79. 
 

Design an analog computer circuit to solve the following ordinary differential 
equation. 

 

)()()( tfty
dt

tdy
=+ 4  

 
where y(0) = 1 V. 

 
 
 
 
Chapter 6, Solution 79. 

 
We can write the equation as 

)(4)( tytf
dt
dy

−=  

 
which is implemented by the circuit below. 
 
                        1 V           t=0 
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                                  C                                              R                                     R 
 
                   R                                               
                                                    R/4                                           R 
   dy/dt                   -                                                -                                   - 

                        +         -y                                   +                                   + 
                                                   R                                                                           dy/dt 

 
                                       f(t) 
 
 
 
 
 
 
 
 
 
 



Chapter 6, Problem 80. 
 

Figure 6.93 presents an analog computer designed to solve a differential equation.  
Assuming f(t) is known, set up the equation for f(t). 

 

 
 
Figure 6.93 

 
 
 
Chapter 6, Solution 80. 
 

From the given circuit, 
 

 
dt

dv
k200
k1000v

k5000
k1000)t(f

dt
vd o

o2
o

2

Ω
Ω

−
Ω
Ω

−=  

 
or 
 

 )t(fv2
dt

dv
5

dt
vd

o
o

2
o

2

=++  
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Chapter 6, Problem 81. 
 

Design an analog computer to simulate the following equation: 
 

)(252

2

tfv
dt

vd
−=+  

 
 
 
 
 
 
Chapter 6, Solution 81 
 

We can write the equation as 

)(252

2

tfv
dt

vd
−−=  

 
which is implemented by the circuit below. 
 
 
                                       C                                    C         
                                                                                                                         R 
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             R 
                                    -                    R                                      R/5 
 d2v/dt2                                    +                                      -                                          
                                              -dv/dt                      +         v                              - 
                                                                                                                        +          d2v/dt2                                    

                                                                                              R/2 
                                                                             f(t) 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6, Problem 82. 
 

Design an an op amp circuit such that: 
 

∫+= dtvvv ss 2100  
 

where vs and v0 are the input voltage and output voltage respectively. 
 
 
 
 
Chapter 6, Solution 82 
 
The circuit consists of a summer, an inverter, and an integrator.  Such circuit is shown 
below. 
 
                                                    10R                                              R 
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Chapter 6, Problem 83. 
 
Your laboratory has available a large number of 10-μF capacitors rated at 300 V. To 
design a capacitor bank of 40-μF rated at 600 V, how many 10-μF capacitors are needed 
and how would you connect them? 
 
 
 
Chapter 6, Solution 83. 

Since two 10μF capacitors in series gives 5μF, rated at 600V, it requires 8 groups in 
parallel with each group consisting of two capacitors in series, as shown below: 
 
 

+ 

600

 
 
 
 
 
 
 
 
Answer:  8 groups in parallel with each group made up of 2 capacitors in series. 
 
 
 
Chapter 6, Problem 84. 

 
An 8-mH inductor is used in a fusion power experiment.  If the current through the 
inductor is   2( ) 5sini t tπ=  mA, t >0,  find the power being delivered to the inductor 
and the energy stored in it at t=0.5s. 

 

Chapter 6, Solution 84. 
  
 v = L(di/dt) = 8x10–3x5x2πsin(πt)cos(πt)10–3 = 40πsin(2πt) µV 
 
 p = vi = 40πsin(2πt)5sin2(πt)10–9 W, at t=0 p = 0W 
 

 2 3 2 3 2 91 1 8 10 [5sin ( /2) 10 ] 4 25 10 100 nJ
2 2

w Li x x x x x xπ− − −= = = =  
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Chapter 6, Problem 85. 
 

A square-wave generator produces the voltage waveform shown in Fig. 6.94(a).  
What kind of a circuit component is needed to convert the voltage waveform to 
the triangular current waveform shown in Fig. 6.94(b)?  Calculate the value of the 
component, assuming that it is initially uncharged. 

 

 
 
Figure 6.94 
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Chapter 6, Solution 85. 
 
It is evident that differentiating i will give a waveform similar to v.  Hence, 

 
dt
diLv =  

 

 ⎢
⎣

⎡
<<−

<<
=

ms2t1,t48
ms1t0,t4

i  

 

 ⎢
⎣

⎡
<<−

<<
==

ms2t1,L4000
ms1t0,L4000

dt
diLv  

 

But, ⎢
⎣

⎡
<<−

<<
=

ms2t1,V5
ms1t0,V5

v  

 
Thus, 4000L = 5  L = 1.25 mH in a 1.25 mH inductor 
 
 
 
 
 
Chapter 6, Problem 86. 

 
An electric motor can be modeled as a series combination of a 12-Ω resistor and 200-
mH inductor.  If a current i(t) = 2te–10tA flows through the series combination, find 
the voltage across the combination. 

 
 

Chapter 6, Solution 86. 
 

− − − − −= + = + = + − + = −10 3 10 10 1012 2 200 10 ( 20 2 ) (0.4 20 )  Vt t t
R L

div v v Ri L x te x x te e t e
dt

t
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